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(57) ABSTRACT

In a WDM transmission system employing a plurality of
short wavelength bands having great attenuation due to
optical fiber transmission, an optical repeater is constructed
of a first multiplexing section and a second multiplexing
section. The first multiplexing section is used for wave-
length-multiplexing both the excitation light from a first
Raman excitation light source, which distributively ampli-
fies an S+ band included in light propagating through an
optical fiber, and the light propagating through the optical
fiber. The second multiplexing section is used for wave-
length-multiplexing both the excitation light from a second
Raman excitation light source, which distributively ampli-
fies an S+ band included in light propagating through an
optical fiber, and the light propagating through the optical
fiber. The first and second multiplexing sections are pro-
vided between the optical fibers disposed between end
offices. Thus an equal and satisfactory optical SN ratio even
at any band are obtained.
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1

OPTICAL TRANSMISSION SYSTEM,
OPTICAL REPEATER, AND OPTICAL
TRANSMISSION METHOD

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to an optical transmission
system, an optical repeater, and an optical transmission
method suitable, for example, for a wavelength division
multiplexing (WDM) system employing a short wavelength
band.

(2) Description of the Related Art

A WDM system (optical transmission system), which
employs a wavelength-multiplexed signal light consisting of
a signal light having a plurality of different wavelengths, is
being employed to transmit an electrical signal such as
voice, data, etc.

In this WDM system, one end office (or one transmission
end office) optically modulates and multiplexes electrical
signals output from an exchange and transmits the wave-
length-multiplexed signal light to an optical repeater of the
initial stage. The signal light from the optical repeater is
transmitted to a plurality of optical repeaters and is demodu-
lated by the other end office. The demodulated electrical
signals are transmitted to other exchanges.

As a conventional method of compensating for an optical
signal-to-noise ratio (hereinafter referred to as an optical SN
ratio), there is a method of previously emphasizing the
optical repeater output of a short wavelength band compo-
nent by pre-emphasis, or a method of exciting and ampli-
fying this short wavelength band component. The pre-
emphasis is the method of equalizing the received optical
SN ratios of signal wavelengths by previously reducing at a
transmitting side the optical SN ratios of signal wavelengths
having less SN ratio degradation.

FIGS. 17A to 17C are diagrams used to explain pre-
emphasis, the horizontal axis representing optical wave-
lengths and the vertical axis representing optical SN ratios.
The curve shown in FIG. 17A represents the reception
characteristic of a receiving station and shows that the
reception characteristic has been degraded at the short
wavelength band. The curve shown in FIG. 17B represents
a transmission characteristic employing pre-emphasis and
shows that a signal light is transmitted after a compensation
for transmission degradation is made at a transmitting side.
As a result, a flat characteristic is obtained at a receiving
side, as indicated by a reception characteristic in FIG. 17C.

If the light power (hereinafter referred to as power) of
transmission light to be output from an end office or optical
repeater is made too great by the pre-emphasis, a signal light
with a plurality of wavelengths will increase the influence of
a nonlinear optical effect and develop the nonlinear distor-
tions of cross phase modulation and self-phase modulation,
resulting in transmission quality degradation. Because of
this, pre-emphasis is often employed in optical auxiliary
repeaters.

A general optical repeater is constructed by combination
of a centralization amplifier and a distributive amplification.
There are two types of centralization amplifiers. One type is
an optical fiber, doped with a rare-carth element, such as an
erbium-doped fiber (EDF), and light within the optical fiber
is excited to optically amplify a transmission signal inten-
sively within the optical fiber. The other type is a dispersion
compensation fiber with high nonlinearity in which a trans-
mission signal is intensively amplified by excitation. The
centralization amplifier, which employs a fiber doped with a
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rare-earth element, is used to amplify transmission light by
combination of a specific amplification band that a rare-earth
element has and excitation light.

The distributive amplification is the method of employing
an excitation light source of specific wavelength and the
physical properties of an optical fiber employed as a trans-
mission path, and amplifying a signal light distributively by
employing optical repeaters between end offices and
between optical repeaters and the entire transmission line
between the end offices. The distributive amplification nor-
mally employs Raman amplification.

The Raman amplification is the technique of performing
optical amplification by employing the Raman scattering
effect of an optical fiber itself. In general, a Raman amplifier
is used for transmitting light, which has a wavelength about
100 nm shorter than that of a signal light, onto a transmission
line to amplify the signal light propagating through the
transmission line.

In addition, various techniques related to optical repeaters
have been proposed (e.g., Japanese Laid-Open Patent Pub-
lication No. 2000-330145 (hereinafter referred to as known
reference 1), Japanese Laid-Open Patent Publication No.
HEI 3-239028 (hereinafter referred to as known reference
2), etc.).

In the case where WDM transmission is performed with
a plurality of wavelength bands, the light energy on the short
wavelength side excites the light on the long wavelength
side by Stimulated Raman Scattering (SRS). As a result, the
intensity of received light on the short wavelength side is
reduced and the intensity of received light on the long
wavelength side is increased.

In addition, in the case of expanding a wavelength band
for WDM transmission by an attenuation characteristic that
a normal single-mode fiber has, the light loss is minimized
at the C band and L band. On the other hand, in the bands
on the short wavelength side and long wavelength side with
the C and L bands as the center, the light loss is increased.
For the light on a short wavelength side such as a S+ band
shown in FIG. 3 to be described later, the light loss is further
increased.

Therefore, there is a need to improve the intensity of the
light on the short wavelength side where loss due to Stimu-
lated Raman Scattering and loss due to optical fibers are
added together.

Because of this, in the case where an end office performs
pre-emphasis, an output for a short wavelength band is set
high, or the characteristic of a centralization amplifier within
an optical repeater is determined so that an output for a short
wavelength band becomes high, or the intensity of excitation
light for distributive amplification with respect to a short
wavelength band is increased.

However, if the output of the signal light is made greater,
the influence of a nonlinear optical effect will increase in a
transmission line, and because of the influence of Stimulated
Brillouin Scattering (SBS), an end office, etc., can input only
a fixed quantity of power to an optical fiber. This means that
a signal light with a predetermined power cannot be trans-
mitted over an optical fiber.

In the case where power input to an optical fiber is great
even if the signal light power at a sender is less than a
threshold value for Stimulated Brillouin Scattering, there is
a possibility that between a plurality of signal lights, noise
will occur due to four light wave mixing or inter phase
modulation, etc., and will degrade transmission quality.

In the case of performing distributive amplification by
excitation light emitted from an optical repeater, light with
a wavelength shorter than the short wavelength of a signal
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light (e.g., light with a wavelength about 100 nm shorter
than that of a signal light to be amplified) has to be employed
as excitation light. This is because light on a short wave-
length side is greatly attenuated by an optical fiber. Because
of this, light on a shorter wavelength side than a short
wavelength band employed as a signal light is greatly
attenuated by an optical fiber, and the intensity of excitation
light required for compensating for the attenuation of a
signal light in a short wavelength band becomes extremely
great.

On the other hand, if the intensity of excitation light is
increased, the problem of Stimulated Brillouin Scattering
will also occur, as in the case where an end office performs
pre-emphasis and the case of a centralization amplifier.
Because of this, there is a possibility that the required power
cannot be input to an optical fiber.

In the case where the light intensity is made the same as
the intensity of light in other wavelength bands by a cen-
tralization amplifier and pre-emphasis performed by an end
office, the power is also greatly attenuated once within an
optical fiber. Because of this, the optical SN ratio is
degraded. Thereafter, even if the signal light is amplified, the
noise component will become great and it will become
difficult to reproduce the signal light.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
circumstances mentioned above. Accordingly, it is the pri-
mary object of the present invention to provide an optical
transmission system, an optical repeater, and an optical
transmission method which are capable of obtaining an
equal and satisfactory optical SN ratio even at any band, in
a WDM system which employs a plurality of short wave-
length bands having a great attenuation due to optical fiber
transmission.

To achieve the aforementioned object of the present
invention and in accordance with the present invention,
there is provided a first optical transmission system com-
prising: means for amplifying at least a specific wavelength
band included in wavelength-multiplexed light propagating
through a first transmission line; the means being provided
between end offices and optical repeaters, between the
optical repeaters, or between the first transmission line and
a second transmission line disposed between the end offices.

In this manner, the interval between the repeater distances
for amplifying a short wavelength band included in wave-
length-multiplexed light can be made practically shorter
than the interval between the repeater distances for ampli-
fying the light in a long wavelength band. Therefore, both
transmission-line loss in the short wavelength band and loss
due to Stimulated Raman Scattering can be reduced.

In accordance with the present invention, there is pro-
vided a second optical transmission system comprising: a
first optical repeater comprising means for exciting at least
light in a short wavelength band included in wavelength-
multiplexed light so that the light in the short wavelength
band is distributively amplified at a first transmission line,
and an amplifier for amplifying at least the short wavelength
band and a long wavelength band relative to the short
wavelength band by an output of the first transmission line;
a second transmission line for transmitting an output of the
first optical repeater; and a second optical repeater for
performing backward excitation on a short wavelength band
of wavelength-multiplexed light propagating through the
second transmission line, and performing distributive ampli-
fication within the second transmission line.
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In this manner, at the input of the optical repeater or the
end office, an output difference with a signal light having
other wavelengths becomes smaller and the optical SN ratio
is improved. Even at a short wavelength like a specific
wavelength band, transmission quality fit for use can be
maintained.

In accordance with the present invention, there is pro-
vided a first optical repeater comprising: means for wave-
length-multiplexing both excitation light, which distribu-
tively amplifies at least a specific wavelength band included
in light propagating through a first transmission line, and the
light propagating through the first transmission line; the
means being provided between end offices and optical
repeaters, between the optical repeaters, or between the first
transmission line and a second transmission line disposed
between the end offices.

In this manner, an optical repeater system with an
improved optical SN ratio of a short wavelength band can be
provided.

In accordance with the present invention, there is pro-
vided a second optical repeater comprising: means for
exciting at least light in a short wavelength band which is
included in wavelength-multiplexed light so that the light in
the short wavelength band is distributively amplified at a
first transmission line; and an amplifier for amplifying at
least the short wavelength band and a long wavelength band
relative to the short wavelength band by an output of the first
transmission line, and transmitting its output on a second
transmission line.

In this manner, even when the light in a short wavelength
band suffers a great loss due to the difference between the
section distances for amplifying a transmission signal,
amplification can be performed at a short section.

In accordance with the present invention, there is pro-
vided a third optical repeater comprising: first means for
wavelength-multiplexing both first excitation light, which
distributively amplifies at least a specific wavelength band
included in light propagating through a first transmission
line, and the light propagating through the first transmission
line; and second means for wavelength-multiplexing both
second excitation light, which distributively amplifies at
least a specific wavelength band included in light propagat-
ing through a second transmission line, and the light propa-
gating through the second transmission line; the first means
and the second means being provided between end offices
and optical repeaters, between the optical repeaters, or
between the first transmission line and the second transmis-
sion line disposed between the end offices.

In this manner, an optical auxiliary repeater for amplify-
ing light present on the short wavelength side of a working
wavelength band can be provided between an end office and
an optical repeater for amplifying all wavelengths, or
between optical repeaters. The optical SN ratio of the light
on the short wavelength side is prevented from being
degraded by Stimulated Raman Scattering. In addition, the
optical SN ratio of the entire transmission system can be
improved.

In the third optical repeater mentioned above, the first
transmission line and the second transmission line are con-
structed so that bidirectional communication is performed
with a single fiber.

In accordance with the present invention, there is pro-
vided an optical communication method wherein the interval
between light amplifications of a short wavelength band
included in wavelength-multiplexed light is made practi-
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cally shorter than the interval between light amplifications of
a long wavelength band relative to the short wavelength
band.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in further detail
with reference to the accompanying drawings wherein:

FIG. 1 is a block diagram showing an optical repeater
system of the present invention;

FIGS. 2A and 2B are diagrams used to explain Raman
amplification;

FIG. 3 is a diagram used to explain the wavelength region
of a signal light that is transmitted by an optical repeater
system constructed according to a first embodiment of the
present invention;

FIG. 4 is a block diagram showing a centralization
amplifier;

FIG. 5 is a diagram showing optical fiber loss due to
wavelength;

FIG. 6A is a diagram showing the results of a simulation
when the band on a short wavelength side having a degraded
optical SN ratio is amplified;

FIG. 6B is a diagram showing the results of a simulation
when the short-wavelength band excitation light source of
the optical auxiliary repeater is operated;

FIG. 7 is a diagram showing the optical SN ratio in the
case where the optical auxiliary repeater is not employed,
obtained based on the construction used to measure the
characteristic shown in FIG. 6A and the construction used to
measure the characteristic shown in FIG. 6B;

FIG. 8 is a block diagram of an optical repeater system
according to a second embodiment of the present invention;

FIG. 9 is a block diagram showing a modification of the
optical repeater shown in FIG. 1;

FIG. 10 is a block diagram showing a modification of the
optical auxiliary repeater in which the optical auxiliary
repeater of FIG. 1 and the optical auxiliary repeater of FIG.
9 are combined;

FIG. 11 is a block diagram showing a modification in
which the optical auxiliary repeater of FIG. 9 and the optical
auxiliary repeater of FIG. 8 are combined;

FIG. 12 is a block diagram showing an example of an
optical repeater system for performing bidirectional com-
munication between end offices;

FIG. 13 is a block diagram showing another example of
the optical repeater system for performing bidirectional
communication between end offices;

FIG. 14 is a block diagram showing an optical repeater
system for performing bidirectional communication
between end offices, the optical auxiliary repeater of FIG. 12
being constructed with a centralization amplifier;

FIG. 15 is a block diagram showing a modification in
which the optical auxiliary repeaters of FIGS. 12 and 13 are
combined with the optical auxiliary repeater of FIG. 14;

FIG. 16 is a block diagram showing a modification of the
optical auxiliary repeater of FIG. 15; and

FIGS. 17A to 17C are diagrams used to explain pre-
emphasis.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will hereinafter be
described in detail with reference to the drawings.

An optical repeater system (optical transmission system)
1 shown in FIG. 1 is a system for transmitting a wavelength
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multiplexed signal light and is equipped with end offices 30a
and 305, optical repeaters 10-1 and 10-2, and optical aux-
iliary repeaters 20-1, 20-2, and 20-3. The optical auxiliary
repeaters 20-1, 20-2, and 20-3 are provided between the
optical repeaters 10-1 and 10-2, or between the optical
repeaters 10-1, 10-2 and the end offices 30q, 3056. Between
the end offices 30a, 3056 and the optical repeaters 10-1, 10-2,
between the optical repeaters 10-1 and 10-2, or between the
optical auxiliary repeaters 20-1 and 20-3 (between the end
office 30a and the end office 305), there are provided optical
fibers (transmission lines) 9a to 97

The end office 305 on one end of the optical repeater
system 1 is used for wavelength-multiplexing a plurality of
signal lights, and transmitting the multiplexed signal
through the optical repeater system 1 and to the end office
30a provided on the other end of the system 1. The end office
30¢ has nearly the same function as the end office 304.

First, a description will be given of the wavelength bands
that are employed by the optical repeater system 1.

FIG. 3 shows the wavelength region of a signal light that
is transmitted by an optical repeater system 1 constructed
according to a first embodiment of the present invention.
With the wavelength region divided into an S+ band, an S
band, a C band, and an L. band from the short wavelength
side, the production of the optical repeater system 1 is being
examined.

Generally, the S+ band ranges from 1451.40 nm to
1482.65 nm, the S band ranges from 1489.70 nm to 1522.56
nm, the C band ranges from 1529.55 nm to 1563.86 nm, and
the L. band ranges from 1567.95 nm to 1604.02 nm.

At present, commercially-available optical repeater sys-
tems are employing two kinds of bands, the C band and the
L band. Recently, the use of the S band is being examined.
Considering a further increase in transmission capacity,
there is a possibility that the S+ band on a shorter wave-
length side than the wavelengths of the S band be employed
to enlarge transmission capacity. In this case, a signal light
in the S+ or S band suffers transmission loss doubly because
of loss due to Stimulated Raman Scattering and loss on a
short wavelength side due to optical fibers 9a to 9/

Therefore, in the case where no measure against loss is
taken, the optical SN ratio of a signal light in the S+ or S
band becomes lower than that of a signal light in the C or L.
band.

Next, a description will be given of the components of the
optical repeater system 1 shown in FIG. 1.

The end offices 30a, 305 are provided at both ends of the
optical repeater system 1. The WDM transmission signal
light, wavelength-multiplexed at the end office 305, is
transmitted through each unit constituting the optical
repeater system 1, and is wavelength-demultiplexed at the
end office 30a.

The optical fibers 94 to 9f are medium to carry the WDM
transmission light output from the end office 305. The
optical fibers 9a to 9f of the first embodiment employ
single-mode fibers most commonly used. A zero-dispersion
wavelength for single-mode fibers is 1.3 um, and as shown
in FIG. 5, loss becomes minimum at 1.5 pm.

Since excitation light has a wavelength about 100 nm
shorter than that of the signal light propagating through the
optical fibers 9a to 9/, it becomes possible to amplify the
signal light by Stimulated Raman Scattering.

The Stimulated Raman Scattering refers to scattering that
occurs by the interaction between light incident on a
medium and phonons (optical vibration of crystal lattices)
produced by the incident light. The intensity of this scattered
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light (Stokes light) is nearly the same between forward
excitation and backward excitation.

To utilize the Stimulated Raman Scattering, the optical
repeater system 1 is provided with amplification means for
amplifying the S+ band and S band included in the wave-
length-multiplexed signal light propagating through the
optical fibers 9a to 9f. The amplification means is provided
between the end offices 30a, 305 and the optical repeaters
10-1, 10-2, between the optical repeaters 10-1, 10-2, or
between the optical fibers 9a to 9f (disposed between the end
offices 30a, 305) and the optical fibers 9a to 9f other than the
optical fibers 9a to 9/ disposed between the end offices 30a,
305. This amplification means is realized by the optical
repeaters 10-2, 10-1 and optical fibers 9a to 9/, or by the
optical repeaters 10-2, 10-1, optical fibers 9a to 9, and
optical auxiliary repeaters 20-1 to 20-3.

As an example, the amplification means consists of the
optical repeater 10-1 and the optical fibers 95, 9¢. In this
case, the optical fibers 95, 9¢ function as a first transmission
line and a second transmission line, respectively.

First, a description will be given of the optical repeater
10-2. Since the optical repeater 10-1 is the same in con-
struction as the optical repeater 10-2, a description of the
optical repeater 10-1 is omitted to avoid redundancy.

The optical repeater 10-2 is constructed of a centralization
amplifier 11, a Raman excitation light source 13, a coupler
(second coupler) 12.

FIG. 4 shows the centralization amplifier 11. The central-
ization amplifier 11 shown in the figure is constructed of
demultiplexers 11a to 1lc, amplifiers 14a to 14d, and
multiplexers 114 to 11f

The demultiplexers 11a to 11c¢ are used to separate a
signal light in a short wavelength band into separate signals
again. An input signal light in the S+ band, S band, C band,
and L band is separated into a signal light in the C and L.
bands (long wavelength) and a signal light in the S+ and S
bands (short wavelength) by the demultiplexer 11a. Then,
the signal light in the C and L bands are separated into a
signal light in the C band and a signal light in the L band by
the demultiplexer 115. Similarly, the signal light in the S+
and S bands are separated into a signal light in the S+ band
and a signal light in the S band by the demultiplexer 11c.

The wavelength-demultiplexed signal lights are inten-
sively amplified within the optical fibers by the amplifiers
14a to 144, respectively. Each of the amplifiers 14a to 14d
employs an amplifier that amplifies light by performing
stimulated emission by both an optical fiber doped with a
rare-earth element and excitation light.

As an example of the rare-earth element doped fiber
amplifier, an erbium-doped fiber (EDF) is employed for the
S band, the C band, and the [ band. This erbium-doped fiber
is capable of increasing gain at the S band, the C band, and
the L. band. In addition, a thulium-doped fiber is employed
for the S+ band and the S band and able to increase gain at
the S+ band and the S band.

In addition, each of the amplifiers 14a to 14d may employ
a high-nonlinear fiber such as a dispersion compensation
fiber (DCF), etc., and perform Raman amplification inten-
sively within the optical fiber. The reason for this is that the
high-nonlinear fiber is used to compensate for transmission-
line dispersion. The amplification band in this case is
determined so that excitation light has a wavelength about
100 nm shorter than the wavelength of a signal light to be
amplified.

The outputs of the amplifiers 14a, 145 are incorporated
into a wavelength-multiplexed signal light in the C and L
bands by the multiplexer 11d. Similarly, the outputs of the
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amplifiers 14¢, 14d are incorporated into a wavelength-
multiplexed signal light in the S+ and S bands by the
multiplexer 11e. Furthermore, the two wavelength-multi-
plexed signal lights are incorporated into a wavelength-
multiplexed signal light in the S+, S, C, and L bands by the
multiplexer 11/ The wavelength-multiplexed signal light
from the multiplexer 11f7s transmitted on a transmission line
(optical fibers 9a to 9f).

Next, a description will be given of the Raman excitation
light source 13 that the optical repeater 10-2 has.

The Raman excitation light source 13 is an excitation light
source for amplifying the wavelength-multiplexed signal
light, transmitted from the end office 305, distributively
within the optical fiber 9e. The signal light is transmitted
through the optical fiber 9f, the optical auxiliary repeater
20-3, and the optical fiber 9e. Note that, depending on the
structure of the optical auxiliary repeater 20-3, the signal
light can also be amplified distributively within the optical
fiber 9f. The excitation signal light from the Raman excita-
tion light source 13 is used to perform backward excitation
on the wavelength-multiplexed signal light output to the
optical fiber 9¢ by the coupler 12.

Therefore, the optical repeater 10-1 (including a modifi-
cation of the optical repeater 10-1 to be described later) is
provided with coupling means (Raman excitation light
source 13 and WDM coupler 12) for wavelength-multiplex-
ing both excitation light, which distributively amplifies the
S+ and S bands included in the light propagating through the
optical fiber 9¢, and the light propagating through the optical
fiber 9c.

The coupling means is provided between the end offices
30a, 306 and the optical repeaters 10-1, 10-2, between the
optical repeaters 10-1, 10-2, or between the optical fiber 95
and the optical fiber 9¢ disposed between the end offices 30a,
305.

In addition, excitation light is emitted from an excitation
light source, in which laser light with a plurality of wave-
lengths is wavelength-multiplexed, so that all the bands of
the signal light transmitted from the end office 3056 are
amplified.

FIG. 2 shows how backward excitation is performed by
Raman amplification. The coupler 12 and the Raman exci-
tation light source 13, shown in FIG. 2B, are both provided
on a transmission line. Excitation light emitted from the
Raman excitation light source 13 is added to the signal light
propagating through the optical fibers 9a to 9f through the
coupler 12. Because of this, a signal light traveling in an up
direction (which is, for example, the direction from the end
office 30a to the end office 305, or the direction opposite to
this) is scattered and amplified by Stimulated Raman Scat-
tering. Unless otherwise noted, the amplification by scatter-
ing is hereinafter referred to as distributive amplification.

Next, the optical auxiliary repeaters 20-1, 20-2, and 20-3
(see FIG. 1) will be described with the optical auxiliary
repeater 20-1.

The optical auxiliary repeater 20-1 is constructed of a
short wavelength band excitation light source 14 and a
coupler (second distribution amplifier section) 12. The
wavelength of the short wavelength band excitation light
source 14 is a wavelength positioned on a short wavelength
side of the wavelengths of the light transmitted from the end
office 30b. That is, the wavelength is an excitation light
wavelength for amplifying a band which has a great loss due
to Stimulated Raman Scattering and the transmission line.

The coupler 12 is used for performing backward excita-
tion by adding the excitation light from the excitation light
source 14 to a signal light being transmitted. The coupler 12
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inputs the excitation light to the optical fiber 96 and outputs
a wavelength-multiplexed signal light from the optical fiber
95, to the optical fiber 9a.

While the optical auxiliary repeater 20-1 has been
described as a device for performing distributive amplifica-
tion, it has the function of amplifying, in wavelength bands
used for transmission, light having a wavelength greater in
loss than light of other wavelengths, based on the construc-
tion of the optical repeater system 1. Furthermore, the
interval between the optical auxiliary repeaters 20-1 needs to
be shorter than the interval between the repeater distances
for amplifying light of wavelengths other than specific
wavelengths (e.g., S+ and S bands).

The optical auxiliary repeaters 20-2 and 20-3 are nearly
the same as the optical auxiliary repeater 20-1.

Next, a description will be given of the flow of the optical
repeater system 1.

The wavelength-multiplexed light from the end office 3056
is input to the optical fiber 95 that is a transmission line. The
specific wavelength light, included in the light input to the
optical fiber 95, is amplified by the excitation light output
from the optical auxiliary repeater 20-3 and is output to the
optical fiber 9¢ which is a transmission line. Within this
optical fiber 9e, all the wavelengths are amplified distribu-
tively by the excitation light output from the Raman exci-
tation light source 13 of the optical repeater 10-2. For the
output of the optical fiber 9¢, all the signal wavelength bands
are amplified by the centralization amplifier 11 of the optical
repeater 10-2. The amplified light is output to the optical
fiber 9d. The specific wavelength light, included in the light
input to the optical fiber 94, is amplified by the excitation
light output from the optical auxiliary repeater 20-2 and is
output to the optical fiber 9¢ which is a transmission line.

Within this optical fiber 9¢, all the wavelengths are
amplified distributively by the excitation light output from
the Raman excitation light source 13 of the optical repeater
10-1. For the output of the optical fiber 9¢, all the signal
wavelength bands are amplified by the centralization ampli-
fier 11 of the optical repeater 10-1. The amplified light is
output to the optical fiber 95.

The specific wavelength light, included in the light input
to the optical fiber 95, is amplified by the excitation light
output from the optical auxiliary repeater 20-1 and is output
to the optical fiber 9a which is a transmission line. Within
this optical fiber 9a, all the wavelengths are amplified
distributively by the excitation light output from the exci-
tation light source (not shown) of the end office 30a. For the
output of the optical fiber 94, all the signal wavelength bands
are amplified by the centralization amplifier of the end office
30a, whereby wavelength demultiplexing is performed.

Thus, in the optical repeater system 1, the transmission
section of light in a short wavelength band, in which loss on
the short wavelength side due to Stimulated Raman Scat-
tering and loss due to the wavelength characteristics of the
optical fiber are added together, can be made shorter than the
transmission section of light in a long wavelength band
relative to the short wavelength band. In addition, with the
distance difference between the sections in which a trans-
mission signal is amplified, the light in the short wavelength
band is amplified in a short section even when it suffers a
great loss.

Therefore, at the input of the optical repeater 10-1 or the
end offices 30a, 305, for example, an output difference with
a signal light of other wavelengths is reduced and therefore
an optical SN ratio is improved. Even at a short wavelength
such as the S+ band, transmission quality fit for use can be
maintained.
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While it has been described that for wavelengths to be
amplified, all the wavelengths of the wavelength-multi-
plexed light from the end office 305 are amplified by the
excitation light emitted from the Raman excitation light
sources 13 of the optical repeaters 10-2 and 10-1, only a
band on a short wavelength side in which an optical SN ratio
is degraded may be amplified.

FIG. 6A shows the results of simulations when bands on
a short wavelength side having a degraded optical SN ratio
are amplified. The condition for obtaining the results shown
in FIG. 6A is to omit the optical auxiliary repeater 20-1 from
the optical repeaters 10-2 and 10-1, and there are shown
light intensity characteristics when the Raman excitation
light source 13 of the optical repeater 10-1 is sued as an
excitation light source for amplifying the S+ band which is
on a short wavelength side. In addition, the repeater section
between the optical repeater 10-2 and the optical repeater
10-1 is 100 km. The solid line represents the S+ band and the
broken line the L band. Compared with the [ band, the S+
band is greatly attenuated by both the influence of Stimu-
lated Raman Scattering and the influence of the loss char-
acteristic of the optical fiber. However, the light intensity of
the S+ band is improved from a position of about 70 km by
the backward excitation performed by the optical repeater
10-1, and becomes equal to the light intensity of the [ band
at a position of 100 km.

Therefore, the wavelength of the excitation light source
for distributive amplification, provided in the optical
repeater 10-1, is made equal to a wavelength that amplifies
light present in a short wavelength band where Stimulated
Raman Scattering loss and optical-fiber loss are added. In
this manner, a light intensity difference with light in a long
wavelength band is reduced on a transmission line. In
addition, the light intensities at the transmission line end are
made the same, whereby the optical SN ratio difference
between wavelengths is improved.

FIG. 6B shows the results of simulations when the short
wavelength band excitation light source 14 of the optical
auxiliary repeater 20-1 is operated, in the case where, on the
transmission lines between the optical repeaters 10-2, 10-1
and optical auxiliary repeater 20-1 of FIG. 1, the Raman
excitation light source 13 of the optical repeater 10-1 is used
to excite the wavelengths in the S+ band which is on a short
wavelength side, as described above.

Suppose the case where the distance between the optical
repeater 10-2 and the optical repeater 10-1 is, for example,
100 km and the optical auxiliary repeater 20-1 is provided at
a position 50 km away from the optical repeater 10-2. In
FIG. 6B, the solid line represents the S+ band and the broken
line the L band.

The light in the S+ band is more greatly attenuated than
the light in the L. band. However, at a position 50 km away
from the optical repeater 10-2, the intensity of the light in the
S+ band is amplified distributively by the excitation light
from the optical auxiliary repeater 20-2 and becomes equal
to the intensity of the light in the L band.

The light in the S+ and output from the optical auxiliary
repeater 20-1 is more greatly attenuated than the light in the
L band again. However, the light in the S+ band is amplified
distributively at a position near about 80 km by the excita-
tion light emitted from the optical repeater 10-1, and the
intensity of the light in the S+ band exceeds the intensity of
the L. band at a position exceeding 90 km.

Therefore, the optical repeater system 1 is provided with
(1) the optical repeater 10-2 (first optical repeater), which
consists of the Raman excitation light source 13 for exciting
the light in a short wavelength band, included in wave-
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length-multiplexed light, so that it is distributively amplified
at the optical fiber 9¢, and the centralization amplifier 11 for
amplifying both a short wavelength band and a long wave-
length band relative to the short wavelength band by use of
the output of the optical fiber 9¢ and for outputting the
amplified light to the optical fiber 94, (2) the optical fiber 95
for transmitting the output of the optical repeater 10-2; and
(3) the optical repeater (second optical repeater) 10-1 for
performing backward excitation on the short wavelength
band of the wavelength-multiplexed light being transmitted
through the optical fiber 95 to perform distributive ampli-
fication within the optical fiber 95.

Thus, the light being transmitted is amplified within the
optical fiber by the excitation light output from the optical
auxiliary repeater before the light intensity on the short
wavelength side is greatly degraded. Because of this, the
attenuated quantity of the signal in the S+ band is reduced
and therefore the optical SN ratio viewed from the optical
repeater 10-1 is improved.

FIG. 7 shows the optical SN ratio in the case where the
optical auxiliary repeater 20-1, etc., are not employed,
obtained based on the construction used to measure the
characteristic shown in FIG. 6A and the construction used to
measure the characteristic shown in FIG. 6B.

In the case where the optical auxiliary repeater 20-1, etc.,
are not employed, the S+ band is appreciably attenuated by
Stimulated Raman Scattering and the attenuation character-
istic of the optical fiber, and therefore the optical SN ratio is
greatly degraded. On the other hand, in the where the optical
auxiliary repeater 20-1, etc., are employed, attenuation due
to the S+ band transmission line can be reduced and there-
fore the degradation of the optical SN ratio is alleviated.

The reason why the optical SN ratios for the S, C, and L.
bands are improved is that the power in the short wavelength
band is absorbed on the long wavelength side by Stimulated
Raman Scattering and therefore the light intensities are
increased.

The conditions to calculate the optical SN ratios shown in
FIG. 7 are as follows. For the input power to the optical fiber,
the S+ and S bands are -2 dBm/ch and the C band -3.5
dBm/ch, and the L band is —4.5 dBm/ch. The optical fiber is
a single-mode fiber and the length is 100 km. In addition, the
wavelength of the excitation light used for distributive
amplification of the S+ band ranges from 1.356 nm to 1.381
nm. Note that dBm/ch represents power per channel.

The output power of the excitation light for the S+ band
required excitation of +27 dBm when the optical auxiliary
repeater 20-1, etc., were not provided between the optical
repeaters 10-1 and 10-2. In the case the optical auxiliary
repeater 20-1, etc., were provided between the optical
repeaters 10-1 and 10-2, the main powers to the excitation
light source for distributive amplification with respect to the
optical repeater 10-1 and the optical auxiliary repeater 20-1
were 24 dBm, respectively.

Thus, even if the signal light in the short wavelength band
from each excitation light source is weakened by Stimulated
Raman Scattering and losses due to the optical fibers 9a to
9f when transmitted through the optical fibers 9a to 9, the
light intensity of the S+ band within the optical fibers 9a to
9f1s not greatly attenuated with respect to other wavelength
bands, because the distribution amplifier is provided
between the optical repeaters 10-1 and 10-2 to compensate
for the light intensity. This improves the optical SN ratio.

Therefore, in the WDM transmission system employing
the S+, S, C, and L bands, a difference in the optical SN ratio
due to a difference between the wavelengths of the signal
light can be alleviated.
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In the optical repeater system 1, while it has been
described that the distributive amplification by the optical
auxiliary repeater is performed by the backward excitation
of a signal light, it maybe constructed so that forward
excitation is performed.

FIG. 2A shows how forward excitation is performed. A
signal light, and the light from the Raman short wavelength
band excitation light source 14, are wavelength-multiplexed
by the coupler 12 so that they propagate in the same
direction, whereby distributive amplification can be per-
formed within the transmission line by forward excitation.
As a distributive amplification method, distributive ampli-
fication by backward excitation and distributive amplifica-
tion by forward excitation, with respect to the optical
auxiliary repeater between the optical repeaters, are
employed.

FIG. 8 shows an optical repeater system constructed
according to a second embodiment of the present invention.
The optical repeater system la shown in the figure is
constructed of optical repeaters 10a-1 and 10a-2 and optical
auxiliary repeaters 20a-1, 20a-2, and 204-3. Note in FIG. 8
that the parts with the same reference numerals as those of
FIG. 1 have the same or similar function.

The optical auxiliary repeaters 20a-1, 20a-2 are equipped
with short-wavelength band excitation light sources 14-1
and 14-2 for amplifying a short wavelength band compo-
nent, and couplers 12-1, 12-2. A signal light and excitation
light are wavelength-multiplexed at the couplers 12-1 and
12-2, whereby forward excitation and backward excitation
are both performed on the signal light.

This can further reduce loss due to Stimulated Raman
Scattering and loss in the short wavelength band light having
a great loss due to optical fibers, and therefore can reduce the
output of the excitation light that is emitted from the
short-wavelength band excitation light source 14.

Furthermore, as in the optical repeaters 10a-1 and 10a-2
shown in FIG. 8, the Raman excitation light sources 13 can
be provided across the centralization amplifier 11 in order to
perform distributive amplification, and a signal light and
excitation light can be wavelength-multiplexed at the cou-
pler 12. In addition, the optical repeaters 10-1 and 10-2
shown in FIG. 1, which have the centralization amplifier 11
for performing distributive amplification by backward exci-
tation, can also be employed. The excitation light sources of
the optical repeaters 10-1, 10-2 may be constructed so that
all the wavelengths of a signal light from the end office 305
are amplified or only the short wavelength band component
is amplified.

Therefore, between the end offices 30a, 305 and the
optical repeaters 10-1, 10-2, between the optical repeaters
10-1, 10-2, or between the optical fibers 95, 9¢ disposed
between the end offices 30qa, 305, the optical repeater 10a-1
has (1) first coupling means (WDM coupler 12 and Raman
excitation light source 13) for wavelength-multiplexing both
the excitation light, output from the first Raman excitation
light source 13 for distributively amplifying the S+ and S
bands included in the signal light propagating through the
optical fiber 9¢, and the signal light propagating through the
optical fiber 9¢, and (2) second coupling means (WDM
coupler 12 and Raman excitation light source 13) for wave-
length-multiplexing both the excitation light, output from
the second Raman excitation light source 13 for distribu-
tively amplifying the S+ and S bands included in the signal
light propagating through the optical fiber 95, and the signal
light propagating through the optical fiber 95.

In addition, between the end offices 30a, 305 and the
optical repeaters 10-1, 10-2, between the optical repeaters
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10-1, 10-2, or between the optical fibers 9e, 94 disposed
between the end offices 30qa, 305, the optical repeater 105-2
has (1) first coupling means (WDM coupler 12 and Raman
excitation light source 13) for wavelength-multiplexing both
the excitation light, output from the first Raman excitation
light source 13 for distributively amplifying the S+ and S
bands included in the signal light propagating through the
optical fiber 9¢, and the signal light propagating through the
optical fiber 9¢, and (2) second coupling means (WDM
coupler 12 and Raman excitation light source 13) for wave-
length-multiplexing both the excitation light, output from
the second Raman excitation light source 13 for distribu-
tively amplifying the S+ and S bands included in the signal
light propagating through the optical fiber 94, and the signal
light propagating through the optical fiber 94.

As a modification, the optical repeaters 10-1 and 10-2
shown in FIG. 1 can also be employed.

FIG. 9 shows a modification of the optical repeater 10-1
shown in FIG. 1, distributive amplification being performed
at the transmission line shown in FIG. 1. On the other hand,
the modification shown in FIG. 9 employs a centralization
amplifier. Note in FIG. 9 that the same reference numerals
are applied to the same parts as those of FIG. 1 to avoid
redundancy.

The wavelength-multiplexed signal light from the optical
fiber 9d (transmission line) is separated into a signal light in
S+ band (light in a short wavelength band) and a signal light
in other bands by the WDM coupler 17a provided within an
optical auxiliary repeater 205-2. The signal light in the S+
band, separated at the WDM coupler 174, is input to a
centralization amplifier 175 for a short wavelength band and
is amplified. The centralization amplifier 176 employs a
centralization Raman amplifier, constructed of a rare-earth
element doped fiber such as an erbium-doped fiber (EDF),
etc., or a high-nonlinear fiber such as a dispersion compen-
sation fiber (DCF), etc.

The output, other than the S+ band, of the WDM coupler
17a and the output of the centralization amplifier 176 are
multiplexed at a WDM coupler 17¢ and output to an optical
fiber 9¢ (transmission line).

Thus, a signal light in a short wavelength band like the S+
band, whose fiber loss characteristic is great and which is
susceptible to a Stimulated Raman Scattering tilt, is ampli-
fied between the optical repeaters. Because of this, trans-
mission loss is reduced and an optical SN ratio difference
with other wavelengths is improved.

An optical repeater system 14 shown in FIG. 10 includes
the part of the optical auxiliary repeater shown in FIG. 1 and
the part of the optical auxiliary repeater shown in FIG. 9. In
an optical auxiliary repeater 204-1 shown in FIG. 10, the
construction of the optical auxiliary repeater 20-1 of FIG. 1
which performs backward excitation is combined with the
side of the optical fiber 94 of the optical auxiliary repeater
206-2 shown in FIG. 9. In FIG. 10, parts with the same
reference numerals as those shown in FIGS. 1 and 9 have the
same or similar function, and therefore a further description
thereof is not given.

The optical repeaters 10a-2 and 10a-1 shown in FIG. 10
employs the optical repeaters shown in FIG. 8 and, depend-
ing on conditions of the optical repeater system 14, can also
employ the optical repeaters 10-2 and 10-1 of FIG. 1.

The optical repeater system le shown in FIG. 11 is a
modification combining the optical auxiliary repeater 205-2
of FIG. 9 and the optical auxiliary repeater 20a-2 of FIG. 8
together. The optical auxiliary repeater 204-2 shown in FIG.
11 is equipped with a WDM coupler 12-2 (see FIG. 8) for
performing forward excitation on a signal light, a WDM
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coupler 12-1 (see FIG. 8) for performing backward excita-
tion on a signal light, and a centralization amplifier (see FI1G.
9) for intensively amplifying light in a short wavelength
band, provided between the WDM couplers 12-1 and 12-2.
The optical repeaters 10a-1 and 10a-2 shown in FIG. 11 are
provided with Raman excitation light sources 13, 13 for
performing forward excitation and backward excitation on a
signal light.

Note in FIG. 11 that the same reference numerals are
applied to the same parts as those of FIGS. 8 and 9 to avoid
redundancy.

In FIG. 11, the optical repeater 10a-2 will be described.

The optical repeater 10a-2 has a WDM coupler 12 on the
output side of a centralization amplifier 11, and outputs
excitation light from a Raman excitation light source 13, to
an optical fiber 94 so that distributive amplification is
performed on the signal light propagating through the opti-
cal fiber 94 by forward excitation.

The optical repeater 10a-2 is constructed so that it per-
forms both forward excitation and backward excitation.
However, the optical repeater 10a-2 can also utilize a
combination of distributive amplification, based on back-
ward excitation, and a centralization amplifier (such as the
optical repeater 10-1 of FIG. 1), or a combination of
distributive amplification, based on forward excitation, and
a centralization amplifier.

Next, a bidirectional communication system will be
described with reference to FIGS. 12 to 16.

The optical repeater system 15 shown in FIG. 12 performs
bidirectional communication between an end office 30a and
an end office 305. The optical repeater system 15 shown in
FIG. 12 includes optical repeaters 106-1, 1056-2, each of
which is provided with two kinds of optical circulators
(separating sections) 31-a, 31-b. The signal lights coming
from the optical fibers 9e, 94 are circulated through central-
ization amplifier 11-a and 11-5 by the optical circulators
31-a, 31-b and are amplified, whereby bidirectional com-
munication is performed.

Since the optical repeaters 105-1, 105-2 have nearly the
same function, a description will be given of the optical
repeater 106-1.

The signal light from an optical fiber 9¢ enters a WDM
coupler 12 and is output to the optical circulator 31-a. This
optical circulator 31-a outputs the light from the WDM
coupler 12, to a centralization amplifier 11-a. The output of
the centralization amplifier 11-a is input to an optical
circulator 31-b. The optical circulator 31-5 outputs the light
from the centralization amplifier 11-a, to a WDM coupler
12. The WDM coupler 12 outputs the light output from the
optical circulator 31-5, to the optical fiber 95.

On the other hand, the signal light from the optical fiber
95 enters the WDM coupler 12 within the optical repeater
105-1 and is output to the optical circulator 31-b. The optical
circulator 31-b outputs the light from the WDM coupler 12,
to the centralization amplifier 11-5. The output of the
centralization amplifier 11-5 is input to the optical circulator
31-a. The optical circulator 31-a outputs the light from the
centralization amplifier 11-5, to the WDM coupler 12. The
WDM coupler 12 outputs the light from the optical circu-
lator 31-4, to the optical fiber 9¢. The centralization ampli-
fiers 11-a and 11-b in this case have, for example, a
construction such as that shown in FIG. 4, and separate the
light ranging from the S+ band to the L band into the
respective bands and performs amplification.

Thus, the optical repeaters 105-1, 105-2 can perform
bidirectional communication by employing, for example, a
single optical fiber consisting of the optical fibers 9¢, 94.
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Again, in FIG. 12, the Raman excitation light source 13
for distributive amplification outputs excitation light to the
optical fibers 95, 9¢ through the WDM coupler 12. The
signal lights within the optical fibers 95, 9¢ are distributively
amplified. More specifically, the excitation light that is
emitted by the Raman excitation light source 13 may have
wavelengths which amplify light of all wavelengths, or a
wavelength which amplifies the light in a band, such as the
S+ band, susceptible to a simulated Raman scattering tilt and
great fiber attenuation.

In the optical repeater 105-1 (or 105-2), the reason why
the signal light from the end office 30a (or 304) is isolated
within the optical repeater 105-1 (or 105-2) by the optical
circulator 31-b (or 31-a) is that the centralization amplifier
is provided with an optical isolator (not shown). That is,
since an optical isolator regulates the propagating direction
of light, when bidirectional communication is performed
there is a need to perform isolation of a signal light within
the optical repeater.

Next, the construction of the optical auxiliary repeaters of
the optical repeater system 16 will be described with the
optical auxiliary repeater 20a-2 as an example. The con-
struction of the optical auxiliary repeater 20a-2 is the same
as that of the optical auxiliary repeater 20a-2 of FIG. 8. This
optical auxiliary repeater 20a-2 excites a signal light in the
S+ band (short wavelength) with respect to the optical fibers
9¢, 9d to perform distributive amplification on the signal
light. Within the optical fibers 9¢, 94, the signal lights from
the end offices 30qa, 305 are distributively amplified, respec-
tively.

Next, a description will be given of the end offices 30a,
305 shown in FIG. 12.

The end offices 30a, 305 multiplex signal lights ranging
from the S+ band to the L band so that the respective channel
wavelengths (frequencies) do not coincide, and output the
multiplexed signal lights to the optical fibers 9a, 9f.

Thus, according to the optical communication method of
the present invention, the interval between light amplifica-
tions of the short wavelength band included in wavelength-
multiplexed light can be made practically shorter than the
interval between light amplifications of a long wavelength
band relative to the short wavelength band.

Thus, by changing the structure of the optical repeaters of
the optical repeater system 15, the light in the short wave-
length band is amplified at a practically shorter distance than
the distance traveled by the light in the long wavelength
band. This can reduce various losses that occur when
transmission is performed through optical fibers, and bidi-
rectional optical communication with an improved optical
SN ratio in the short wavelength band based on the above-
mentioned embodiment can be made possible.

FIG. 13 shows the construction of an optical repeater in
the case of constituting a bidirectional system. The optical
repeater system 1¢ shown in FIG. 13 is differentiated from
the optical repeater system 15 shown in FIG. 12 in that the
construction of the optical repeater differs. The remaining
construction is the same as that shown in FIG. 12.

The optical repeaters 10c-1 and 10¢-2 of the optical
repeater system 1lc shown in FIG. 13 will hereinafter be
described with reference to the optical repeater 10c-1. The
optical repeater 10c-1 inputs the light from an optical fiber
(transmission line) 9¢, to an optical circulator 31-a. The
optical circulator 31-a outputs the light from the optical fiber
9¢, to a centralization amplifier 11-a. The centralization
amplifier 11-a amplifies the light output from the optical
circulator 31-a and outputs the amplified light to a WDM
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coupler 12. The centralization amplifier 11-a can employ the
centralization amplifier described in the above-mentioned
embodiments.

The WDM coupler 12 receives the light from the central-
ization amplifier 11-a and the light from a Raman excitation
light source 13 and outputs the multiplexed light to an
optical circulator 31-6. The excitation wavelength of the
Raman excitation light source 13 may be a wavelength
which excites the light in a short wavelength band, or
wavelengths which excite the light in all wavelength bands.
The optical circulator 31-5 outputs the light from the WDM
coupler 12, to the optical fiber 95 which is a transmission
line.

On the other hand, the light from the optical fiber 95 is
input to the optical circulator 31-6. The optical circulator
31-b6 outputs the light from the optical fiber 95, to the
centralization amplifier 11-5. The centralization amplifier
11-6 amplifies the light output from the optical circulator
31-b and outputs the amplified light to a WDM coupler 12.
The centralization amplifier 11-6 can employ the centraliza-
tion amplifier 11 described in the above-mentioned embodi-
ments.

The WDM coupler 12 receives the light from the central-
ization amplifier 11-5 and the light from a Raman excitation
light source 13 and outputs the multiplexed light to the
optical circulator 31-a. The excitation wavelength of the
Raman excitation light source 13 may be a wavelength
which excites the light in a short wavelength band, or
wavelengths which excite the light in all wavelength bands.
The optical circulator 31-a outputs the light from the WDM
coupler 12, to the optical fiber 9¢ which is a transmission
line.

The reason why the signal lights from the end office 30a,
304 are isolated within the optical repeater by the optical
circulator 31-q is that the centralization amplifier is provided
with an optical isolator (not shown). That is, since an optical
isolator regulates the propagating direction of light, when
bidirectional communication is performed there is a need to
perform isolation of a signal light within the optical repeater.

Thus, by changing the structure of the optical repeater,
bidirectional optical communication with an improved opti-
cal SN ratio in the short wavelength band based on the
above-mentioned embodiment can be rendered possible.

Next, an optical repeater system 1/~ shown in FIG. 14 is
constructed so that in the constructions of FIGS. 12 and 13
in which bidirectional communication is performed between
the end offices 30a and 305, the optical auxiliary repeater
20a-2 of FIG. 12 is constructed with a centralization ampli-
fier. A description will hereinafter be described with refer-
ence to an optical auxiliary repeater 20e-2.

The optical auxiliary repeater 20e-2 inputs the signal light
from an optical fiber 9d, to a first optical auxiliary repeater
17-1 having the same construction as the optical auxiliary
repeater 205-2 of FIG. 9 by an optical circulator 31a, and
outputs the output of the first optical auxiliary repeater 17-1
to an optical fiber 9¢ through an optical circulator 3156. The
optical auxiliary repeater 20e-2 also inputs the signal light
from an optical fiber 9¢, to a second optical auxiliary
repeater 17-2 having the same construction as the optical
auxiliary repeater 206-2 of FIG. 9 by an optical circulator
314, and outputs the output of the second optical auxiliary
repeater 17-2 to the optical fiber 9¢ through the optical
circulator 315.

Since the first optical auxiliary repeater 17-1 and the
second optical auxiliary repeater 17-2 are the same as the
optical auxiliary repeater 205-2, a description thereof is not
given to avoid redundancy.
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In addition, the optical repeaters 106-2, 105-1 are the
same as the optical repeaters 105-2, 105-1 of FIG. 12, so a
description thereof is not given. Instead of the optical
repeaters 105-2, 1056-1, the optical repeaters 10¢-2, 10¢-1 of
FIG. 13 can be employed.

In an optical repeater system if shown in FIG. 15, optical
auxiliary repeaters 105-1, 106-2 (see FIG. 12) and optical
auxiliary repeaters 10c-1, 10¢-2 (see FIG. 13) are combined
with the optical auxiliary repeaters 20e-2 shown in FIG. 14,
respectively. At the ends of the two optical fibers 94 and 9¢
of the optical auxiliary repeater 20e-2 shown in FIG. 15,
there are provided WDM couplers 12. A WDM coupler 12
on the side of the optical fiber 94 receives the excitation light
from a short-wavelength band excitation light source 14 and
inputs the excitation light to the optical fiber 9d. Similarly,
a WDM coupler 12 on the side of the optical fiber 9¢
receives the excitation light from a short-wavelength band
excitation light source 14 and inputs the excitation light to
the optical fiber 9c.

As a result, the signal lights within the optical fibers 94,
9¢ are excited by the excitation light sources 14 and are
Raman-amplified.

Note that the optical auxiliary repeater 20e-2 of FIG. 14
can be provided between the WDM couplers 12 shown in
FIG. 15. Although the optical repeater system 1f of FIG. 15
employs the same optical repeaters as those of FIG. 12, it
can also employ the same optical repeaters as those of FIG.
13.

An optical repeater system 1g shown in FIG. 16 is a
modification of the optical auxiliary repeater 20e-2 of FIG.
15. In the optical auxiliary repeater 20e-2 shown in FIG. 15,
the excitation light source 14 for Raman amplification of a
short wavelength band emits excitation light to the optical
fibers 9d, 9c¢ through the WDM couplers 12 provided
between the optical circulators 31a, 315 and the optical
fibers 94, 9c.

On the other hand, in an optical auxiliary repeater 20/-2
shown in FIG. 16, a WDM coupler 12 is provided between
a first optical auxiliary repeater 17-1 and an optical circu-
lator 315, and the amplified output of the first optical
auxiliary repeater 17-1 and the excitation light from a
short-wavelength band excitation light source 14 are output
to an optical fiber 9¢ through the optical circulator 315.

Similarly, a WDM coupler 12 is provided between a
second optical auxiliary repeater 17-2 and an optical circu-
lator 31a, and the amplified output of the second optical
auxiliary repeater 17-2 and the excitation light from a
short-wavelength band excitation light source 14 are out-
putted to an optical fiber 94 through the optical circulator
31a.

The first optical auxiliary repeater 17-1 and the second
optical auxiliary repeater 17-2 are the same as those shown
in FIGS. 9, 14, and 15, so a description thereof is not given
to avoid redundancy.

In addition, the optical repeaters 10c-1, 10¢-2 are the
same as that shown in FIG. 13, so a description thereof'is not
given to avoid redundancy. Furthermore, the optical repeat-
ers 10c-1, 10¢-2 may employ those shown in FIG. 12.

While the present invention has been described with
reference to the preferred embodiments thereof, the inven-
tion is not to be limited to the details given herein, but may
be modified within the scope of the invention hereinafter
claimed.

For example, the optical auxiliary repeater shown in
FIGS. 1, 8,9, 10, 11, 12, 13, 14, 15, or 16 can be provided
between the end office and the optical repeater, between the
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optical repeaters, or between the optical fibers (transmission
lines) disposed between the end offices.

The optical repeater and the optical auxiliary repeater can
employ combination of the optical repeater and optical
auxiliary repeater described in FIGS. 1 and 8 to 16.

Furthermore, in the optical repeaters and optical auxiliary
repeaters of FIGS. 8 and 11 to 16 and the optical repeater of
FIG. 14, an optical repeater system with excitation light for
Raman amplification within a plurality of optical repeaters
may be constructed so that the excitation light from a single
excitation light source is divided into two parts which are
supplied to two different WDM couplers.

The invention claimed is:
1. An optical transmission system amplifying wavelength
division multiplexed light which includes lights in a first
specific wavelength band and a second specific wavelength
band wavelength multiplexed together, the optical transmis-
sion system comprising:
a first set of amplifiers Raman amplifying the lights in the
first specific wavelength band as the wavelength divi-
sion multiplexed light travels through a transmission
line, the amplifiers of the first set being spaced apart
from each other by a first interval; and
a second set of amplifiers Raman amplifying the lights in
the first specific wavelength band and the lights in the
second specific wavelength band as the wavelength
division multiplexed light travels through the transmis-
sion line, the amplifiers of the second set being spaced
apart from each other by a second interval, wherein the
first interval is shorter than the second interval, and the
first and second intervals together with amplification
provided by the first and second sets of amplifiers
causing light intensities of the lights in the first specific
wavelength band and lights in the second specific
wavelength band to become the same at an end of the
transmission line.
2. An optical transmission system comprising:
a plurality of amplifiers, each of which is connected with
first and second transmission lines disposed between an
end office and an optical repeater, between two optical
repeaters, or between two end offices and is operable to
amplify a specific wavelength band included in a
wavelength-multiplexed light propagating through the
first transmission line, each of the amplifiers including
coupling means for wavelength-multiplexing an exci-
tation light which distributively amplifies the specific
wavelength band,
wherein said plurality of amplifiers include
at least two first amplifiers for amplifying at least a first
specific wavelength band, in which band a loss due
to Stimulated Raman Scattering and a loss due to
wavelength characteristics of optical fiber are added
together, and

at least two second amplifiers for amplifying at least a
second specific wavelength band, whose wave-
lengths are longer than the wavelengths of the first
specific wavelength band, and

a first interval between said first amplifiers is set shorter
than a second interval between said second amplifiers
in such a manner that in the first transmission line, a
difference between the light intensity of the first spe-
cific wavelength band and the light intensity of the
second specific wavelength band is reduced.

3. The optical transmission system as set forth in claim 2,

wherein at least one of said first amplifiers and at least one
of said second amplifiers are combined in a single amplifier.
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4. An optical transmission method in an optical transmis-
sion system comprising one or more amplifiers, each of
which is connected with first and second transmission lines
disposed between an end office and an optical repeater,
between two optical repeaters, or between two end offices,
and is operable to amplify at least light in a specific
wavelength band included in a wavelength-multiplexed light
propagating through the first transmission line, said optical
transmission method comprising:
a first amplifying step of amplifying at least light in a first
specific wavelength band, in which band a loss due to
Stimulated Raman Scattering and a loss due to wave-
length characteristics of optical fiber are added
together, by first excitation light each outputted from
first excitation light sources arranged at a first interval,
and
a second amplifying step of amplifying at least light in a
second specific wavelength band, whose wavelengths
are longer than the wavelengths of the first specific
wavelength band, by second excitation light each out-
putted from second excitation light sources arranged at
a second interval,
wherein the first interval in said first amplifying step is set
shorter than the second interval in said second ampli-
fying step in such a manner that a difference between
the light intensity of the first specific wavelength band
in said first amplifying step and the light intensity of the
second specific wavelength band in said second ampli-
fying step is reduced.
5. An optical transmission system comprising:
a plurality of amplifiers, each of which is connected with
first and second transmission lines disposed between an
end office and an optical repeater, between two optical
repeaters, or between two end offices and is operable to
amplify a specific wavelength band included in a
wavelength-multiplexed light propagating through the
first transmission line,
wherein said plurality of amplifiers include
at least two first amplifiers for amplifying at least a first
specific wavelength which has a great loss due to
Stimulated Raman Scattering (SRS) and said first
transmission line, and

at least two second amplifiers for amplifying at least a
second specific wavelength and, whose wavelengths
are longer than the wavelengths of the first specific
wavelength band, and

a first interval between said first amplifiers is set shorter
than a second interval between said second amplifiers
in such a manner that in the first transmission line, a
difference between the light intensity of the first spe-
cific wavelength band and the light intensity of the
second specific wavelength band is reduced.

6. An optical repeater provided for an optical transmission
system comprising one or more amplifiers, each of which is
connected with two transmission lines disposed between an
end office and an optical repeater, between two optical
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repeaters, or between two end offices, and is operable to
amplify at least a specific wavelength band included in a
wavelength-multiplexed light propagating through one of
the associated transmission lines, said optical repeater being
connected with first and second transmission lines and
comprising:

an exciter for outputting an excitation light which dis-
tributively amplifies a first specific wavelength band;

each amplifier for amplifying at least the first specific
wavelength band and a second specific wavelength
band, whose wavelengths are longer than the wave-
lengths of the first specific wavelength band, and trans-
mits said first and second wavelength bands on the
second transmission line disposed between said end
offices, such that a first interval between a first set of
amplifiers is shorter than a second interval between a
second set of amplifiers which amplify light of wave-
lengths other than said first specific wavelength band,
and

wherein the first interval in said first set of amplifiers is set
shorter than the second interval in the second set of
amplifiers in such a manner that a difference between
the light intensity of the first specific wavelength band
in said first set of amplifiers and the light intensity of
the second specific wavelength band in said second set
of amplifiers is reduced.

7. An optical transmission system comprising one or more
amplifiers, each of which is connected with first and second
transmission lines disposed between an end office and an
optical repeater, between two optical repeaters, or between
two end offices, and is operable to amplify at least a specific
wavelength band included in a wavelength-multiplexed light
propagating through the first transmission line, said optical
transmission system comprising:

a first set of amplifiers amplifying at least light in a first
specific wavelength band, in which band a loss due to
Stimulated Raman Scattering and a loss due to wave-
length characteristics of optical fiber are added
together, by first excitation light each outputted from
first excitation light sources arranged at a first interval,
and

a second set of amplifiers amplifying at least light in a
second specific wavelength band, whose wavelengths
are longer than the wavelengths of the first specific
wavelength band, by second excitation light each out-
putted from second excitation light sources arranged at
a second interval,

wherein the first interval in said first set of amplifiers is set
shorter than the second interval in said second set of
amplifiers in such a manner that a difference between
the light intensity of the first specific wavelength band
in said first amplifying step and the light intensity of the
second specific wavelength band in said second ampli-
fying step is reduced.
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